~ ~ 8 T T T T T T e A S
N
3

-

LA LD TN L s NI et TR e e RMANMEM NN St ey Messant mean® mraes o emtemis m o b e o mcis oo e wm M POTUNY ML el Gorleed BV TRS L DTS TR

DOCUMENT RESUME

ED 066 024 e EM 010 101 . -
AUTHOR Snelbecker, Glenn E.; And Others
TITLE sustained Attention and Response Rate as a Function
of Task Difficulty and Feedback Arrangements. .
PUB DATE 72
NOTE . 17p. .
EDRS PRICE MF-$0.65 HC-$3.29 . '
DESCRIPTORS Adults; *Attention; *Attention Control; *Feedback; o

*Learning Processes; Learning Theories; .
*Reinforcement; Stimulus .Behavior; Task
Performance :

ABSTRACT . _ .
Two studies were performed to evaluate the extent to o
which response patterns and sustained attentiveness is a function of .
the demands of a secondary task, primary task dlfflculty, and .
e feedback arrangements. The first study varied prlmary ‘task stimulus ¥
o5 difficulty level, feedback arrangements on the primary task, and :
S presence of the secondary task. The main.objective of the second :
study was to determine whether primary task feedback arrangements
would interact with secondary: task demands to influence attentiveness
to the primary task; thus, primary: task ‘difficulty was held constant, - :
and primary task feedback arrangements and secondary task difficulty o
level were varied. .Results showed that’ subjects were able to detect "
changes in stimuli used in the primary task and to detect. g
presentations of the secondary stimuli, ‘although apparently subjects S
were not consistently attending to stimuius characteristics. Further, - -
there seemed to be some dimunition in ati:ention to stimulus R
characteristics and a ‘greater yeliance.on-feedback whenever feedback .. .
was available on the primary task. Overall, results suggest the need G
for multilevel model of attention and that it is not sufficient to. o
conceive of stimulus control ‘in a unitary sense. . (SH) : L
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Sustained Attention and Response Rate as & Functicn of
. 1
Task Difficulty and Feedback Arrangements
Glenn E. Snelbecker, Thomas lolohan, Stephen Wolk, and William Fullard

Temple University and Krusen Research Center

One of the frequent admonitions irv programmed instruction and
behavior modification is that appropriate behavior should immediately be
xeinforced on a continuous reinforcement schedule. Within the laboratory
context, the principle has widely been accepted. Thus, it was with some
considerable surprise that practitionexrs have found not only that fmmedi-
ate, continuous reinforcement hks no: produced the expecied vasults, but
that such reinforcement arrangements may even have deleterious effects
(Andér&on, 1971; Glaser, 1966).

The present research was designed to explore the noticn that the
prbblem may lie in the subjects' failluxe to attend to pertinent aspects
of the learning situation, and that optimai feedhack arrsangementz to
facilitate such attentiveness will depend in part on the difficulty of
the task involved. It %s assumed that the usual objective in a practi-
cal learning situation 1s to have the subject learn what ttimulﬁa
attributes can serve as cues to appropriate behavior, and that fegdback
srrangements primarily are of value in assisting the subject to detect
which stimulil lead to appropriate behavior and which. lead to inappro-
priate behavior.

Skinner (1953) characterized attentiveness as involving varyiag

degrees of antecedent stimilus control. More receantly several authors
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(e.g., Anpett, 1969; D'Amato, 1970; EHendry, 1370; Kintsch; 19703 have
suggested that the main role of reinforcement iﬁ attention and learning g
may primarily be informational rather than motivatiopal. Thus one canr ;
conjecture that subjecta wlll attend to certain aspects of the learning

gituation {i.e,, these ztimmll gain contyrol) becaune of the information

which is provided concerning appropriateness of cue stiﬁuli in guiding

behavior. Although some {(e.g., Ray and Sidman, 1970) have utilized a
wodified discrete-trial paradigm to study veinforcoment principles in

stimulus control, the present investigators have preferred using a modi-

T o S i T s I bk

fied free operant paradigm because it affords & more detailed analysis

!
of changes in subjecta' behsvior. :

There was some suggestion in a previous study (Snelbecker & Schweab,
1968) that intermittent schedules of reinforcement miy lead to greater

attentiveness than does reinforcement of every correct responss, Resuits

from animal studies have been scmewhat contradictory (Amnett; 196S; Ferater,

1960; Nevin, Cumming & Berrymanm, 1%63; Nevin, 1967); the problem iz rels~

.
RN

tively unexplored concerning human attentiveness in absolute judgment tasks !
(Annett, 1969; Swets & Kristofferson, 1970). Discrete trial absolute judg-
3 ment performance s&ppears tc be conjointly influenced by feedback arrange-~

T 1 .

ments and task difficulty (Snelbecker & #ullard, 1871). Attentiveness to

visual and auditory stimuli has frequently been observed to diminish within

.relatively short perlods of time (Snelbecker, 1967; Swets & Kristoffersoan,

1970). Under modified free operant conditions involving two operants,

response races are directly related to intermittency in the reinforcement

schedule, and response rate for easy problems has been consistently higher

<
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than for difficult problems (Spelbecker & Schwaab, 1968).

There were two major purposes in the present atudiea; (1) to evaluate
the extent to which response patterns and sustained attentiveness is a
function of the demands of a secondary task, primary task difficulty, and
feedback arrangements; and (2) to refine a behavioral measure of atten-
tivenegs, especially for that aspect of selechive attention which is
characterized as stimulus control,

General Method

In both experiments reporteh in this paper, 12 adult subjects
(different naive subjects for each experiment) were paid a flat monetary
rate for participation in addition to an approximately equal amount of
money which they earned for correct responses to the experimental tasks.
Subjects sat in front of a Ishigh Valiey Electronics two vail human test"
console wicth an add-subtract counter mounted iu the center top row and 16.
keys mounted across the bottom row. Pure tone atimulil, generated by a
Wavetek 136 Programmable Oscillator, were presented to the subjects vie
THH=-39 earéhonea. Tonal stimuli were selected from the 100-8000 Hz range,
with sound pressure level adjusted so that tones appeared equally loud.
Data were recorded simultaneously and automatically on & series of digi-
tal counters and an Esterline-Angus 20-channei event recorder.

In both experiments there was a primary task «nd & secondary task.
The primary task consisted of identiZlying & pure tone with one of the
keys iﬁ the console (an absolute identification task) and pressing that
key repeatedly to gain points on an add-subtract counter (a modified

free operant procedure). Prior to each experiment subjects were given
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a series of practice trials so that each subject had lcarned the
agsoclation of :oﬁes and their respective keys to & sufficient degnee.
In Experiment 1 they had three preasentations of the tonal serles in ran-
dom order. In Experiment 2 they were ziven the tones in random order
until they reached a criterion of 707 correct on & block of 10 tonas.
They éléo were given practice on each feedback'arrangemqnt. Dwring the
actual'experimental segnents, subjects ccuid accrue pelnts (subsequently
worth money) on the primary task by pushing the correct key whiR a tone
was playing. The secoundary task was a diacrate trial task which con~
sisted of interspersed short tones {(%-second duration) at preprogrammed
times, which the subjact was required to identify as “low'' or "high;" in
the firsit experiment this required a rather simple identification, whera-
48 the secondary task in the second experiment required short term xe-
tention and comparfisons of paired tones, Correct responses on the
gecondary task accrued points which were wortih money,but the subject was
uot informed of the accumulating amounts until the end of & trial Tlock.
Experiment 1
.  Mathod

t In the first expariment éhare were three independent varisbles of
intereat: v
1) | stimilus difficulty level of the primary task - & tones vs, 10 tones

in a set;

.2) feedback'arrangements on the primary task - fixed ratio § (every

£1%th correct fenponse reinforced) vs. fixed ratio 30 (every thirtieth

correct response reinforced):

. e bk et
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3) preseuce vs. ebsence of a secondary task. The dependent veriables of

interest were; a) total mumber of key presses on primary task; bj

proportion of correct key presses; c)jreupcnse rate duriag last ive

seconds of priuwary task; 4) number of "ovgrfiow" responses (number of

presses a subject made ou & previoygly correct key sfter a new pri-

: m&ry tasklstimulus was presented; e) number nf coxrect identifications
. on the secoundary task.

Procedure

Subjects responded under elght expefimental conditions resulting from
combinations of the two levels of primary task difficulty, two types of
feedback arrangements, a&nd the presence or absence of the secondary task,
Each segment cousiasted of a random order of the primsry tusk tonze for 7%
minutes., Each tone played for an iverage ol 45 seconds, with durations
ranging from 35 to 55 seconds, during which the subject was to gain points
by repeatedly pressing the correct console key, Under those conditions
with 8 secondary task, subjects made an absolute identification of one of
two tones ("low" tone, 100 Hz; "high' tone, $200 Hz)}. The subject {denti-
fied a low tone by one response ou & special pushbutton, and identified a
high tone by two responses onrthe same push button. Secondary tones, pre-
sented for ¥ second, were randomly interspersed durimg the primary tones;
10 secondary tones were presented in each experimental segment., Zach sub-
ject had all 8 experimental segments in & partially randomized sequence.
Half of the subjects received the four FR 5 segments first,.and balf of
the subjects received the four FR 30 segmonts first, The other experiméntal

conditions occurred randomly.

\
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Results

For each of the dependent variables, a 2x2x2 analysis of variance
(Primary Task Difficulty x Feedback Arrangement x Secondary Task Condition)
with repeated measures on a8ll factors was conductad for each of the de-
pendent variables (Kirk, 1968). The results of these analyses were;

i) Total number of key presses on primaky task, There were no
significant main effects nor interactions.

2) Proportion of correct key presses, There were significant
main effects for Primavy Task Difficulty (F= 61.20, df 1/11, p 2 .001),
Feedback Arrangement (F= 78.37, df 1/11, p t.v001),‘and Secondary Task
Condition (P= 6.69, df 1/11, p ¢ .05). A significaat interaction of

Feedback Arrangement x Primary Task Difficulty was also found {F= 12,03,

df 1/11, p < .01). In order to evaluate the simple main effects of this =

interaction, a series of Tukey tests of comparisons between means wexre
conducted (Kirk, 1968). These tests iandicated: the means for 4 and 10
tones were nonsignificantly different at FR 5 but significaatly different
at ¥R 30 (é ¢ .01); the means at FR 5 and FR 30 werec significantiy dif-
ferent at 4 tones (p « .05) but more so at 10 tomes (p « .0l)., Table 1
presents the mean proportion of correct key presses corresponding to the
above effects.

3) Response rate during last five seconds of primary task., There
were no significant main effecte nor 1nteractions; .

4) Overflow responses., There was a cignificant main effect for
Primary Task Difficulty (F= 8.32, df 1/11, p < .01). The corresponding

mean overflow responses were: Four~tones = 3,21; 10 tones = 3,54,
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5) Number of correct identificatlions on secondary task. There
were no significant main effects nor interactions, There was practically
no variance, with subjects having near perfect scores under all conditionms.

Additionally, as au explication of the nature of the overflow re-
sponse varisble, Spearman rank-order correlation coefficients were computed
for the following: overflow responses and reabonse rate Iin lagt five se-~
conds Sf primary task (4~tone conditiouﬁ,f)n +29, nonsignificant; 10-tone
conditions,fo = .30, nonsignificant); overflow responses and total re-
sponses on primary task (4-tone conditions,p»n .08, nonsignificant; 10-
tone conditione,i)m 14, nonsigniflcant}. Given the nonsignificaﬁt
correlations between the overflow response variable and the two megsures
of response rate, it was concluded that overflow was more than a simple
reaction time Index. |

Experinent 1T

The comparatively small number of overflow responses during the £irst
experiment indicated that subjects could maintain at least some degree of
attentiveness to suditory stimuli to a grester extent than haé been anti~
cipated from previous research. Experiment I also showed that attentive-
ness on the primary task (i.e;, overflow responses) was adversélg
influenced by the difficulty level of the primary task ({.=., betker
attentivenesa with the 4~tone set than with the 10-tone set). Moreover,
expected results were obtained in that feedback nrraﬁgements and primary
task. difficulty interacted in influencing proportiom of correct responses
on the primary task. .

The main objective in the se;ond experiment was to determine whether

primary task feedback arrangements would interact with secondary task

a
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demands to influence attentiveness Lo the primary task, Dawing from con-
temporary short term memory reseazrch, ii was theorized that "“ailentive-
ness’ involves repeated sampling of stiwull and storage so that comparisons
can be msde as to whether tye sams or & different tone was being presented.
Thus it would be expected that sttentiveness to the primary task would be
adversely influenced by competing secondary tﬁaka, and that the difficulty
level ;f the secondary task would determine the extent of this interfer-~
ence with attentiveness to the primary task,
fMethod.

Procedure

Using experimenﬁgl segnents comparable in iength to those employed
in Experiwmenz I, the aecond experiment held constant primary task diffi-
culty {only 5 tones were uged) and manlpulated primary task feedback
arrangemente (FR 5 va. No feadback until end of the experimental segment)
and secondary task difficulty level. Each experimental segment {73 winutes
duration) coxnsisted of 5-second oresentations of primary tones--duringb
which the éubject repeatedly pressed tha appropriste key to accrue éointa
separated by Ilntervening 5-second silence periods. During some of there
silent periods one of the secondary teone pairs was presented; following
another S-second presegtation of a priwary tone, the second of-cb; pair

was presented. The subject's gecondary tazk was to deteruine whethev the

second tone was lower than, equal to, or higher than the first tone pre-~

sented. As in the first experiment, these responses were made on 2
special pushbutton. These secondary toune pairs either differed by 20 Hz
(high secondary task difficulty) or by 175 He (low sacdndary task 44££4-

culty). Subjects mwmade 10 of these comparisons during each of the &
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experimentéﬁ‘segmentn.

As in the first axperiment, each subject had all experiméntal
conditions. Subjects were randomly assigned to ome of two ?andom se-
quences of the experimental conditions. Dependent variables of interest
were; 1) total number of key presses on the primary task; 2) proportion
of correct primary key presses; 3) mumber of correct identifications on
the secondary task.

kegunlits

A 2#2 hnalysis of varianca (Feedback Arrangement x Secondary Tasgk
Difficulty) with repeated measures on both factors (Kirk, 1968) was con-
ducted for each of the three dependent variables. These analyses mhowed;

1) Total number of key preases ou primury task. There wee a signi-
ficant wmafn effecﬁ for Feedback Arvangement (W= 12,32, 4f 1/11i, p « ,01);”
and there was a significant interaction of Feedback Arrangement x Secon-
dary Task Difficulty (F= 6.08, af 1/11, : & ;05). In ordér to evaluata
the simple main effects of thls interactaion, iUkey tests of comparisons

between weans were conducted (Kirk, 1968). Theee tests revealed that

-there was a nonsigoificant dffference betwesn the two Feedback conditions

under the high task difficulty condition but that significantly more
prosses were made under the FR 5 condition than the no feedback condiiion

at the low task difficulty condition (p «.0l). Exemined another way,

Jukey tests showed that response rate was higher for low secondary task

diffi{culty than for high secondary task difficulty under the FR 5 condi~
tion (p = £.05) but that there was no diffierence under the No Feedback

conditicu.
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i feneral Discussicn

Contxary to' most previcusly rveportved studies (Swets & Kristoefferson,
19_70) all 12 subjects in the first experiment were quick to detect both

the change in the primary stimuili aud the presentations of the secondary

PR YOO L PR e

acimsii, However, borth subiective xeporte and geueral patterns of the
responuee vwhen new stimuli werve presented Indicated that subjects vere !
uot econsistently paying avtention te characterictics of the stimelld, The

distinet fumpregeion one galine from thege data is that anbjects maintained

sufficient attentiveness to detect change in the stimuli but that thay

did not: consistently attend to the stimulus xo as to kpow which stimulus

ot —— ey s

was belng presanted, For estswple, they wade rather gross erroxs in tey-
ing to identify the correct key for & naw sciemulus éveﬁ though they ;:npidly
detected that some new stimulus had been presented, ‘o
Response rate seemed more robusi than suggested by uwepual siagie
oparent studles, so that response rate was ri-ot greatly afieccted bty feed-

back arrangements &nd other experimeatal conditions. Of course, this may

te due primarily to the small difference batwsen anm FR 5 aud eno FR 30

T TR A G IR AT AT L0 O e T TN T ST e,

nsechedula, but pilot data and previous studiesa (Semelbacker, 1967; Unelbecker ™

£ Sty

& Scheaab, 1968) with ome or mvwo zesponsa keys had resulted im greater fn~- b

flvences by schedules than was spparent in the present study. There is

some suggestion of need for more research on schedule effects for con-
current operant arrangements, eopecially when many differcent Tesponses are
imalve:.d.

Again in the second exprriment, subjectz ware very quick to detent

that there was a change in the stimulus being presented. Howaver, here too

the response patterns and subjects' remarks during post~experiment intex-

4 | 10
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viewa revealed that they had not comsistently psid attention ss Lo mﬂ;gﬁi
ptimilus was beiﬁg pregented. YIn both studies chore even scemed to be
some dimunition im atiention to srtimalus charzcteristice, and a greater
reliance on f{eedback, whenever faedback was avallable on thae primexy
tagk. Thie was more readily discernible in the Esterilae - Aogus r;corda,
but it is pextly filuserated by the dute in Teble 2, Obvieusly, withous
feedbaék, subjects had fewer correct responsea, Without fesdback thars
was a minimal level of responae raia and & winimel aceuvacy leval {above
chance levels) which subjectr maintained. With feedback they maintained
about an B0% accuracy level but Lacrsazed respomss vate nnder the Iow
secondary task difficulty condition--i.e,, the condition which provided
less coupetition from the secondary task. ‘The differsncful tonjoint effects
of task difficulcy and faedback avrangements on totsl key presses ss com- -
pared to accurscy level suppoxts tixe‘uotion that there axe differznt lavels
of attentiveness and that there wany be different contrelling fsctoxs. TFin-
ally, the diffierences in secondary tmﬁs bétmaen thede two enperiments and
thelr differentisl effecta werit consideraticn. It appears that some ae~
condary tasks pose a divided attention dilemma for the subject, This was
exemplified in Experiment YI vhere zelatively low levels of attention to
the primnry taek rasulted from the atringeat demapda of tha secondsry task
(1.e., sxound 61% accuracy level), while quita compsresble primary tasks in
the first experimant had resulted {a & mmich highex pétformmco level (i.e.,
around 90% accuracy leval),

Overall these results suggest nesd for & multiievai model of atten-
tion and thus suggest that it il:;zot sufficient to talk about stimulus

control in a unitary sense.
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Proportion of Correct Key "'.??’,v’a‘.‘éﬁ.”if'm on the '
Primaxy Tﬂék by Leveis of Feedbnck Arrangenent, l :
Task Difficulty, and Preﬂence;/AbBeuéle of Secondsry Tash
Feedback Aryvangemzit
s . 30
91.94 , |  86.8
Yagk Difficulty - ) ;
4 Toumes 10 Topes o ‘
T senes T m

Secondary Task . )

e -
82,96 '[ 55,83 B T
Task TLfficuity ‘
N 4 Tone.s 10 Tones §

Feedba-(.:i“.;&;a;&uent : B , |

¥R % | ’ 95.67° se.21 |
¥R 30 A es.e3 68.08 ;
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Table 2 A :
Mean Mumbexr of Key Presses;;jé?:az-’l'.zi"foportion
Correct on the Primary Task as arunc - of Feedback
Arxangement by Secondai"‘)'r' F:?;.;’émiéi_';_:‘)‘_ifﬁculty
B : Sec:mdlary Task Dl;};;l“—:; f
T N
T Tweon. o 1 brop, | __
¥eedback Arrangement .- Presses  Coxrect . Preszes Correct X
Feedback (FR5) | 152375 .80 © if7ii7s | 77 ¢ 1647.75 .79
No Feedback | 1379.58°. .42 133250 | .45 | 1356.04 .44
X 1451.67 } 61 I .61
, o |
-;

| N Y )
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Abstract

Two experiments focused on optimal conditions for presenting
information in education and rehabilitation. Sustained attention
(persistent responding on previously correct keys showed extent of
attentiveness), response rate and response patterns were.studies as a
function of feédhack arrangements and task difficulty. In both axperi-
ments reported in this paper, 12 adult subjects participated in a two-
hour experimental session for which they were paid a flat monetary rate
in addition to woney earced for correct respounses. Results are dis-
cussed with reference ﬁo theoretical wodels of sttentioun and to
extrapclation of experimental single operant research findings to

complex practical situations.

,
PR R R e

e Bt DO AR S il et Mg

e




